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(57) Abstract 

A protection arrangement for use with HT transformers in neon lighting systems is disclosed Besides the main HT leads that feed 
the neon display, a set of auxiliary HT leads (10) from the transformer connect to PCB (11) which has HT tracks (13, 14) separated by a 
slot (18), which provides a measured air gap which determines the arc-over voltage. An optical fibre (15) is arranged to conduct light from 
an arcing of the air gap under fault conditions, to a phototransistor (16). The phototransistor is arranged to trigger an isolation circuit (19) 
to disconnect AC mains from the transformer. 
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ARC DETECTION IN NEON LIGHTING SYSTEMS 
Field of the Invention 

The present Invention relates to high-voltage systems, and in 
particular, to the protection of such systems from electrical arcing and 
5 flashover of the high tension electrical supplies used therein. 
Background Art 

Neon- type lighting systems are well known in the art and there have 
been previous numerous attempts to provide protection equipment to 
protect electrical transformers used therein and the like from 
10 destruction due to minor or more substantial failure of the high tension 
supply or the gas filled tubing used therewith. 

International Patent Application No. PCT/AU92/00484 (WO 93/09584), 
filed by the present applicant, identifies a number of arrangements which 
protect against failure of the high tension transformer due to 
15 undercurrent conditions caused by electrical open circuits. 

However, because of the nature of such systems, and particularly 
when electrical open circuits occur, the danger of electrical arc-over 
(or flash-over) is significant. Arc-over can occur through termination 
failure of the HT leads interconnecting the transformer with the neon 
20 display. An electrical open-circuit of the HT winding can cause a 

substantial Increase in the HT voltage which destory the HT winding of 
the transformer. While specifically applicable to neon-type lighting 
systems, the same problem is relevant to all high-voltage systems. 
Summary of the Invention 
25 It is an object of the present Invention to substantially overcome, 

or ameliorate, some or all of the abovementloned problems. 

In accordance with one aspect of the present invention there is 
disclosed a protection device for use with a high-tension transformer, 
said device comprising: 
30 input means for receiving an AC mains supply; 

output means for conveying said AC mains supply to a primary 
winding of said transformer; 

a pair of terminal means spaced apart by a predetermined distance 
and to which a secondary high-tension winding of said transformer is 
35 connectable; 

a light detection means associated with said terminal means and 
arranged to detect an electrical arc therebetween; and 
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a switching means arranged to isolate said AC mains supply from 
said output means when an arc is detected by said detection means. 

Preferably, the protection device is formed on a printed circuit 
board (PCB) to which a pair of high-tension (HT) leads extending from the 
5 transformer connect. Most preferably, the connection points on the PCB 
for the HT leads are spaced apart, and extending between the connection 
points are PCB tracks which approach each other to be spaced apart by the 
predetermined distance. In this manner, the electrical arcing voltage 
can be closely controlled by separation between the PCB tracks. 
10 Brief Description of the Drawings 

A number of preferred embodiments of the present invention will now 
be described with reference to the drawings in which: 

Fig. 1 is a schematic block diagram representation of a neon 
lighting system which incorporates a preferred embodiment; 
15 Fig. 2 is a schematic representation of the configuration of the 

open circuit monitor of the embodiment of Fig. 1; 

Fig. 3 is a schematic circuit diagram of the open circuit monitor 
of Figs. 1 and 2; and 

Fig. 4 is a representation similar to Fig. 2 but of another 
20 embodiment. 

Best and Other Modes for Performing the Invention 

As shown 1n Fig. 1, a neon lighting system 1 incorporates a mains 
supply 2 which is supplied to an open circuit monitor 3 which can be 
configured with an electronic circuit in accordance with the disclosure 
25 of International Patent Application No. PCT/AU92/00484. Extending from 
the open circuit monitor 3 is a transformer supply connection 4 to a high 
tension (HT) transformer 6. The open circuit monitor 3 is configured 
with an isolation switch (not Illustrated in Fig. 1), usually a triac, 
which is configured to isolate the mains supply 2 from the Input supply 
30 connection 4 when a fault is detected. An earth connection 5 connects to 
a casing of the transformer 6 to ensure electrical safety and comply with 
statutory requirements. The HT transformer 6 includes two HT terminals 8 
from which two HT leads 7 extend to supply a neon lighting display 9. An 
auxiliary set of HT leads 10 extends from the terminals 8 and returns to 
35 the open circuit monitor 3. 

Referring now to Fig. 2, the HT leads 10 connect to pad contacts 12 
arranged on a printed circuit board (PCB) 11 of the open circuit monitor 
3. The pad contacts 12 can comprise either soldered connections or 
bolted connections. 
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The pad contacts 12 are spaced apart a significant distance 
substantially in excess of the breakdown voltage of the insulation of the 
HT leads 10. Extending from the pad contacts 12 are PCB tracks 13 and 14 
which extend towards each other to be spaced apart by a slot 18 arranged 

5 in the substrate of PCB 11 which provides an air gap of a predetermined 
distance D. The distance D can be determined from the selected minimum 
arc-over voltage desired in the lighting system 1. 

It is known that electrical systems in air break down where the 
electric field exceeds approximately 30,000 volts per centimeter. As 

10 most neon lighting systems use high tension supplies between 3,000 volts 
and 15,000 volts, the distance D can be varied to a distance for example, 
20% in excess of the nominal -loaded voltage of the HT winding. For 
example, if the HT winding is rated at 10,000 volts under normal load 
conditions, the distance D can be set for electrical breakdown at say, 

15 12,000 volts. In such a case the distance D would be 4mm. Typical 

distances for the distance D would be between .02 and 10mm in most high 
voltage applications. 

Arranged on the printed circuit board 11 in the slot 18 at a 
position adjacent to the closest point of separation of the PCB tracks 13 

20 and 14, is an optical sensor 15, such as an optical fibre. The optical 
fibre sensor 15. is positioned such that light created in an electrical 
arc-over between the PCB tracks 13 and 14 is conveyed along the optical 
fibre 15 to a photo transistor 16 arranged at a safe, electrically 
isolated distance from the HT tracks 13 and 14. The photo transistor 16 

25 Is configured as part of an electrical circuit 19 of the open circuit 
monitor 3 to which the mains supply 2 and transformer supply 4 connect 
via pad contacts 20, 21 and 22. 

The optical fibre sensor 15 is advantageous as it provides a high 
degree of electrical isolation between the circuit 19 of the open circuit 

30 monitor 3 arranged on the PCB 11, and the high voltage PCB tracks 13,14. 
The optical fibre sensor 15 preferably has an opaque outer sheath 17. 

Furthermore, the physical separation between the high voltage PCB 
tracks 13,14 and the circuit 19 permits the enclosure of the tracks 13,14 
by an opaque insulator (not illustrated), such as a plastic casing or 

35 box, which prevents ambient light enabling the phototransi stor 16. 

Fig. 3 shows the electronic circuit 19 of the open circuit monitor 
3 and is similar to that disclosed of the aforementioned International 
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Patent Application. The phototransistor 16 is arranged to trigger the 
circuit 19 to cause a triac 23 to open thereby isolating the Active Out 
pad 22 from the Active In pad 21 when an arc over occurs in the air gap 
at the slot- 18. 

5 In the embodiment of Fig. 4, the open-circuit monitor 3 is 

configured to adjust the size of the air gap and therefore is suitable 
for a variety of applications. In this embodiment, the optical fibre 15, 
phototransistor 16 and pad contacts 12 are configured In the same 
manner. The slot 18 is however much wider, and arranged at the periphery 

10 of the HT track 13 adjacent the slot 18 is a metal contact block 30, 
electrically connected to the track 13. 

Similarly, the track 14 has electrically connected to 1t a threaded 
block 31 through which a conductive screw or bolt 32 is arranged. 
Configured at the end of the bolt 32 adjacent the slot 18 is a 

15 cylindrical metal block 33. With this configuration, the flash-over 
voltage is set by the separation of the blocks 30 and 33. As the block 
33 is movable through adjustment of the bolt 32, the flash-over voltage 
can be preset during manufacture or during Installation. Once set, the 
bolt 32 can be secured using a few drops of adhesive, such as epoxy resin 

20 to fix the bolt 32 to the threaded block 31. 

The foregoing describes only a number of embodiments of the present 
Invention and modifications, obvious to those skilled In the art can be 
made thereto without departing from the scope of the present Invention. 
Industrial AddI icabi 1 i tv 

25 The present disclosure is applicable to high voltage systems and, 

in particular, neon-lighting systems. 
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CLAIMS : 

I. A protection device for use with a high-tension transformer, 
said device comprising: 
5 input means for receiving an AC mains supply; 

output means for conveying said AC mains supply to a primary 
winding of said transformer; 

a pair of terminal means spaced apart by a predetermined 
distance and to which a secondary high-tension winding of said 
10 transformer is connectable; 

a light detection means associated with said terminal means 
and arranged to detect an electrical arc therebetween; and 

a switching means arranged to isolate said AC mains supply 
from said output means when an arc is detected by said detection means. 
15 2. A protection device as claimed in claim 1, wherein said pair 

of terminal means comprises conductor tracks on a printed circuit board. 

3. A protection device as claimed in claim 2, wherein at least 
part of said predetermined distance is formed by a slot in said circuit 
board between said conductor tracks . 
20 4 - A protection device as claimed in claim 1, wherein said pair 

of terminals comprises a pair of electrical connector blocks. 

5. A protection device as claimed In claim 4, wherein one of said 
blocks is movable towards and away from the other said block such that 
the electrical flash-over distance therebetween can be varied. 
25 6. A protection device as claimed in claim 5, wherein said one 

block is mounted for threaded movement. 

7. A protection device as claimed in claim 1, wherein light 
detection means comprises an optical fibre having a first end positioned 
adjacent said pair of terminal means and configured to conduct light 

30 generated by said electrical arc. 

8. A protection device as claimed in claim 7. wherein said light 
detection means further comprises a light sensitive semiconductor device 
arranged at a second end of said fibre, said semiconductor device acting 
upon said switching means to isolate said AC mains supply. 

35 9. A protection device as claimed in claim 1, wherein said 

switching means is further configured to detect an open circuit in said 
secondary high tension winding and to isolate said AC mains supply in 
response thereto. 
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10. A gas-filled lighting system comprising; 
a gas filled lighting display; 

a high tension transformer for supplying said display; and 
an open circuit monitor comprising a protection device as 
5 claimed 1n claim 1 . 
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